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REVISIONS

LTR DESCRIPTION DATE APPROVED

New Released on EQ 131362 O?/~j7/97

SCOPE This specification establishes the requirernent~ and pr ocedures
for joining assemblies by the ultrasonic welding process for the
following materials :

G r oup A Aluminum and Aluminum 5A l ioys

Group B - SteeLs , Austenitj c , Ferrit ic and
Precipitation Hardening Steels ,
Nickel and Cobalt Base Alloys

Group C Titanium and Titanium Alloys
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1 . SCOPE

1. 1 T h s  specification establishes the requirements  and procedures  for
jo i r i r .g  assemblies by the ultrasonic weldmg process for the following
materials:

Group A Aluminum and Aluminum Alloys

Group B Steels , Austen itic , Ferri t ic and Precip itation Harde ning
Steels, Nickel and Cobalt Base Alloys

Group C Titanium and Titanium Alloys

2. APPLICABLE DOCUMENTS

2. 1 Government documents. The following documents of the issue in
effect, on date of :ne invi tat ion fo r  bids or request fo r  proposal , fo rm a part
of this specification to the extent specified herein. In case oi conflict between
these documents and this specification, the requirements of this specification
shall prevail.

STANDARDS

Military 
-

MIL-STD-453 Radiographic Ins pection

2. 2 Non-.Governmexit documents.

SPEC IFICATIO NS

Industry

:-iughes Helicopters

:—~~ 9-5 Specific Metal Cleaning Methods

HP 9-10 Pain t Stri pp ing of Metal Surfaces

HP 9-12 Aluminum Alloy Spot Weld Etch

:—~P 9-25  Vapor Degrea s ng of Material s

2 . . I Copies of specification standards , drawings , and p iblications re-
c i r e d  by supp l i e r s  in connect ion wi t~ specified procurement functions shouid
be obtained f r o m  the p r o c u r i n g  act vitv or as directed by the contracting officer .
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OTHER P tIBLICATIONS

American Welding Society

AWS AZ . 0-68 Welding Symbols

2. 2 . 2 Technical society and technical association specifications and
standards are general ly available for  r e f e rence  from l ibraries . They are
als o distributed among technical groups and using Federal agencies,

3. REQUIREMENTS

3. 1 Equipment.

3 .1 .  1 We lding. We~ d ing  equipment shall consist of a suitable power source
and necessa ry support instrumentation and controls to reliably indicate and
control all equipment variables.

3. 1 . 2  Standardizat ion.  Welding tips , des ignated sonotrodes and anvils by
one equ=pment manu fac turer , shall meet the r equirement s established by the
equi pment manufac tu re r .

3 . 1 .3  Jigs and f ix tures .

3.1. 3. 1 All tocl in~ r equ i r ed  to locate welds or hold detail parts dur i ng t re
weld cyc le shall be so constructed that they do not interfere with the functioning
of the we ld ing e c ip r n e n t .

3 .1. 4 Equ~oment maintenance.

3. 1.4. 1 Each :zcm of equi pment shall be inspected at the frequency level
estabiished by the equlDment m a n u f a c t u r e r .

3. 1. 4. 2 Welding t~3s shall  be maintained to the manufacturer t s requ i rements
so that cons istent welds are produced.

3. 1. 4. 2. 1 We1~~:ng t~p con cu r s  shal l  be maintained to the rnanufac :-i r~~r s
requirements or to the contour  e s t a b l i s h e d  by su:t ab le  test:n~ by the -~sin ~
contractor . The contour surface of the weld tip shai~ be main ta ined  be tween
200 and 300 microiriches rms using the EDM (electr:c discharge machi ning )
process to produce the welding tip.
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3. 1. 4. 2. 2 Welding tips may be dressed to remove mater ia l  p ickup;
however , the contour and su r faces  f inish shall not be changed by the t i ?

dressing operation.

3. 1. 5 Shear tes t ing machines.  The contractor shall provide a shear test-
ing machine accurate to within ±2 percent of the indicated reading. Portable
shear testing machines shall be checked for  accuracy at intervals not to
exceed 2 months .

3.2 Weld clas sification.

3.2.1 Classes. Welding shall be accomplished on secondary structural
and nonst ructural assemblies only. Weld classification for  secondary struc-
tural shall be Class B and shall be Class C for  nonstructural .

3, 3 Shear s t rength  requi rements .

3 . 3 . 1 Requi rements .  Shear s t rength  requirements  shall be established by
the p rocedure outlined in 3 . 7 when new alloy combinations are to be joi n ed.

3.4 Materials and methods of øreoaration. -

3.4. 1 Joining. Aoy ali - v or comb inat ion of alloys may be joined by this
process provided the procedure outlined in 3 . 7 has been performed.

3.4. 2 Characteristics. Materials welded by ttiis process will have tneir
ductility characteristics only slightl y affec ted  (3 percent or less). Thus , a
special heat -r-~z sequence for the purpose of tempering the weld is not requ red.

3.4.3 Cleaning .

3 .4 . 3 . 1 The tn axirx-iun- . t ime allowed between the c lean in~ of pa r t s  and th e
welding opera t ion  shall be 72 hours  fo r  Group A and B ma te r i a l s , and 12 hours
for  Group  C materials . In the interval, the parts  shall be su i tab ly  s to red
in a closed area to preclude any contaminat ion .  

-
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3 . 4 .3, 2 Parts to be we lded shall  be clean and free from oxides , scale,
ink , grease , and other fore i gn mater ia ls .

3 . 4 . 3 . 3 Cleaning sha il  be accomp lished in accordance with HP 9-5 ,
HP 9-10 , HP 9- 12 , or HP 9 -2 5  as app l icable.  In genera l, Group A materials
may be cleaned by v ap o r  degreas ing  per HP 9-25 . Group  C materials  may
be cleaned using chemtcal  etch per HP 9-5 .

3. 5 Mating parts.

3 . 5 . 1 Con tac t ing .  Mating parts assembled fo r  welding shall f i t  so that
before the first and each successive weld is made , ~the surfaces  to be joine c
by the weld are in contact or can be made to contact each other with minimum
pressure (i.e., less than 5 pounds fo rce) .

3 . 6 Qual i f icat ion of welding machin es .

3 . 6 . 1 Qualification t e s t s ,  Welding machine qual i f ica t ion tes ts  shali  be
performed to determine the consistency of machine opera t ion at or near the
desired operating range.  To have equipment qualified and approved for pro-
duct ion welding,  tes t  spec in -i e t s  shall be prepared as speci f i ed  h e r e i n . The
machtne  qualif ication data shall be recorded on a form like or similar to
Fi gure  1 . The qualif icat ion record shall be valid when stam ped by an autho-
rized inspector .

3. 6 .2 Test  u tat er~a s .

3 . o • 2 . 1 Test m at e r i a l  shal i  be selected within the alloy group  f r o m  w h i c h
parts are to be fabrica ted .

3 . 6. 3 Mach in e  o ia i i f i catj on .

3 , o • 3 . i Macn~ -tes s~~ali be ~ ual iu ied  to meet  the  web r eq u i r e m e n t s  fo r  t h e
~t i~~nest  c 1assi ficat~on fo r  which  they are in tended for  use  in p roduc t ion .
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3. 6 . 3 2 One machine  of each dist inct ive type shall sa t i s fac to ri ly  p ass  the -
~~~

comp lete qualification test be fo re  any part or assembl y we lded on that machine
type is cons idered  acceptable as an item on a contrac t .

3. 6. 3. 2. 1 Distinctive types of equi pment are those dif fer ing in any of the
following respects :

a. Manufacturer  of the machine or cont ro l  pane l , type of machine • or
model number .

b . Electr i cal rat ing,  capacity , or t r ansduce r  f requency .

c. Detail clamping method.

NOTE

A d c.~tional  m a c h i n e s  of tne same d i s t ~nc t :ve  tv?€-
as t hc a D pr o v ed  mach ine  may be oual i i~ec by t he
es tab iishmer .t of s a t : s f a c tn r v  ?racuc: ior,  s et t i n g s
fo r  each such m a c r u n e .

3. 6 . 4 R e c u a l : f u c a t ~on .

3. 6.4. 1 Wh en :ne ec -u~?n~e~~t :~a~ once been qua A: I t ed , :t need not ne r e cu a l i f~ed
for  f u tu r e  comrac ts  or product ion  p rov ided  no change ~n b a s-~c mate ~~~ or m an u e
of machine se:::nos are :nvolved.  A change of equ:~~rnent  location w th :n  a
faci1~tv,  not u n v o i v : n g  a cr ~~noe :n power s o u r c e , does not requ ire  r equa ~~fic at : on .
Requal if ica~ior ’. ob equ ipm shal l  be r equ i r ed  if the machine  is r ebu i l t  or if
si gnificant operat io nal changes are mace t he r e in .

3. ~~~. 5 T e s r  s~~ecim~-n .

3. 6 . 5 .  1 Tj  qu a ~~Ey a weid~ ng macnui c 106 welds  sha~l be made u s i ng  0. 063
inch  bare  2O~4-T3 ma t e r ia l .  No m ai n ten an ce  or cont ro l  ad~ustmen:s  sh a l l  be
p erm~ut ed c u r i n g  the weid~ ng of a s et  oi specimens . The ~ r oc ess  det a i ls usec
in spec imen  pre~~ar at~on for  ~ua i it i cat ion  ( su c h  as ma ter i a l  c l ean ln2  me thod ,
machin e  set t ings , and e l ec t rode  c o n f igu r a t i o n )  shal l  be those which wculd be
used oroduc t io r,.

R E V
CODE I D E N r  NO. HP 11-9

~273 1 U L T R A S O NIC WELDING _________________
-

- S H E E T  9 ~f
F~~~R / ~~ ~~~~~~~~~~~~~~~

_ _  
—

~~~~~~ 
(4



-t~s~~~~~= ~~~~~~~~~~~~~

Hughes Helicopters 
~~~~~~~~ PROCESS SPEd FICATION~ -:

3. 6 . 6 Test r e q u i r e m e n t s .

3 . 6 . 6 .  1 Of the 106 welds produced , 100 welds shall be shear tested and six
welds shall be sectioned for metallurgical  examinatior..

3. 6. 6. 2 The average  tensile shear value shall be 1650 pounds minimum

~~~ the di f ferenc e between the hi ghest  and the lowest values shall  be 245 pounds
maximum. The failure of one weld to meet these requi rements  shall be cause
for fai lure of the entire test set and the welding equi pment shall be adjusted ,
modified , or repaired be fore  repeating the qualif icat ion t e s s .

3 . 6 . 6 . 3 The six metallur gical specimens shall be cross sectioned , polished ,
and etched (at or as close to the center  of the we ld zone as possible). Weld
quality shall meet the requi rements  of 3. 10 , unless otherwise specif ied in
this section , when examined at 100X to ZOOX magnification.

3. 6 . 6. ~ The shear and metal lurgical  specimens shall  be fabr ica ted  to the
multiple weld confi gurat ion of F igure  2 , except as noted , and shall be sub-
sequent ly cut into s ingle weld specimens prior to test ing.  Dimensions of each
shear te3t specimen shall be as given in Table I.

3 . 6. 6. 5 All tes t  welds shall be rad iographical ly  examined in acco rdance
with MIL-STD-453 prior to shear tes t ing  to a s su re  that the welds a re  soun d
and c r ack  f r ee . —

3. 6.7 Machine and process  data.

3. 6. 7. 1 Four copies of a form similar to Fi gure  1 shall be completed tar
each machine and subm itted for approval  to the au thor ized  Product Assu rance
representative. Alter rece iv ing  approval , a copy of the form shall be posted
on the machine. The other cop ies of the form shall be forwarded to Manu- -
f a ct u r i n g ,  Product As surance Engineering, and Material, Processes , and
Standards Departments .

3. 7 Cer t i f ica t ion of we lding p rocess  or sche dule.

3, 7. 1 Welding s c h e du l e s. Suitable welding schedules  shall be es tab l i sh ed
for  each m a t e r i a l  or per rn~~ sib le combinat ion of d i f f e r e n t  mater ia l s  and each
thickness  combinat ion to be we lded tn production on the machine under con-
si d e r a t i on .  Thickness com binat ion , of the metals listed , f al l ing  wlt d i n  both
the following I lmuts  shall  not require separate weidir.~ schedules , provtced
acceDtabie welds can be p roduced  within the control adjustment limit of
Sectio n 4.
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W ELD SHALL BE W I TH IN
1/16 INCH FROM CENTER

I 

_

_

~~~~~~~~~

1+ $w ~~

A

— NW

(Values for W and A are shown in Table I. )

1. N = Number of spot welds as specified in the app licable
paragraphs of the specification. The number of spot
welds per set shall be not less than 20.

2 . Multiple-spot shear specimen for othe r than foil thicknesses
(to be cut after welding).

3. Group B and C material shear specimens shall be as shown in
Figure 3.

4. See Figure 4 for me ta l l u rgical  tes t  spec imen conficu ra ti on .

Figure 2. Multiple Weld Test Panel Configuration
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J
TABLE I . SHEAR TES T SPECIMEN DIMENSIONS

W - Dimension
Sheet Thickness Overlap and Width Minimum (inch) Length A-

(Inch) Dimension
Group A Group B and C (Inch)
Materials Materials

0.016 to 0.050 1 1 4

0.051 to 0.100 1 1 4

_ _ _  I _ _
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WELD ~~~~~ ALL BE WITHU~
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(Values for W and A are shown in Table 1 . )

Figure 3. Single-Spot Shear Specimen

- LENGTH AS R E Q U I R E D

~ ~~ ‘ SPACING USED IN PRO DUCTION

_ 1 ’
__

¶_
~~
_‘ - - ____ _ _

WIDTH AS
REQUIRED PREPARE SECTION

ALONG CENTER L I N E
OF SPOT, STITCH OR
SEAMWELD (S)

Fi gure 4. Me ta l l u rci cal  Test  Specimen Configurat ion
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3 . 7 . 1 . 1  For Group A materials :

a. 0.004 inch or 10 percent  var ia t ion  i~ th ickness  of e ither outer sheet ,
whichever  is g r e a t e r .

b . 0 . 004 inch . or 10 percen t  var iat ion in overall thickness of the
combination to be welded , whichever is greater .

3. 7. 1. 2 For Group B and C materials :

a. Twenty percent  variation in thickness of e i ther  outer sheet .

b. Ten percent  variation in overall thickness of the combination to
be welded.

3. 7.2 Requirements.

3 . 7 . 2 . 1 The welding scn edule  shall be e s t ao l t s ne d  ~ r io r  to the we l d tn g  of
production parts ann shall include the c1eanin~ p r o c e s s  used, all details of
the machin e se tup ,  and the control set t ings for  each machine to be used in
product ion welding.  The suitabil i ty of the welding schedule  shall be e st ab -
l a s h e d  by making and t e s t in g  not l ess  than the n~u~riber of welds l isted itt

Table II. The welding schedules  and tes t  results  shall be approved by Product
Assurance Division insrectton personnel .

3. 7 . 3 Tes t requirements .

3. 7. 3. 1 Shear specimen.

3. 7, 3. 1 . 1 The ( two thickness combination) shear specimens shall be pre-
pa r e d  as shown in Figure 3 and Table I , and then tested using a machine
-hescr i bed  in 3 . 1 . 5 . Shear strength r equi rements  are specified below .

3 . 7 . 4 Minimum shear strength r e q uir ern er.t s . .

3. 7 . 4 . 1 The so ear  strength of each weld shall be in accordance with the
minimum requ i r emen t s  of Table III ( f o r  Group A m a t e r i a l s) , Table IV ( fo r
Group B m a t e r i a l s ) ,  and Table V ( f o r  Group C m a t e r i a l s ) .  The f a i l u r e  of one
‘s’.-e l d  shall be cause for re~ection of the entire set and the \ve 1ding equi pment
sha l l  be adjusted , modified , or repaired prior to repeating the test for the
p a r t i c u l a r  combina t ion  involved.

HP 11-9 
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TA BLE II. N U M B E R  OF WELDS REQUIRED FOR
SCHEDULE ESTABLISHMENT

Material

Weld 
Group A Group B and C

Method . -U ltamate Ultimate
Stress Metallurgical Stress Metallurgical

Specimens Specimens Specimens Specimens

Single *Shear *Mjcro_ *Shear *Micro_
Weld Section Section

‘~This quantity intent ional ly left  b lank .  To ce n e r a t e  shea r  data for Tables III ,
IV , and V , the procedure  of 3 . 6. 6. 1 , 3 . 6 . 6 . 3 , 3. 6. ~i . 4 , and 3. 6. 6. 5 shal
be used . All shear data shall be recorded.
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TABLE III. MINIMUM REQUIRED SHEAR STRENGTH AND
Mfl’~IMUM AVERAGE SHEAR STRENGTH FOR

GROUP A MATERIAL*

Shear Strength (Failur e Load Pounds )
Material Combination Minimum

________________________
I Minimum Average

0. 020 2024-T3  Alclad to 543 617
0. 025 606 1-T6 Aiclad

*Except as noted , this table in ten t iona l ly left blank for  lack of
shear  tes t  data .
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TAB LE IV. MINIMUM REQUIRED SHEAR STRENGTH AND
MINIMUM AVERAGE SHEAR STRENGTH FOR

GROUP B MATERIAL*

Shear Strength (Failure Load Pounds )
Material Combination

- - M~nirnurnMi.nun uxn
__________________________ _____________________ Average

*Thjs table intentionally left blank for lack of shear test data.
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TABLE V. MIN IMUM REQUIRED SHEAR STRENGTH AND
MIN IMUM AVERAGE SHEAR STREN GTH FOR

GROUPCMATERIAL*

Shear Strength (Failure Load Pounds )
Material Combination . - -

Minimum
Minimum

— ______________________ Average

*Thjs table inte-ntionall y left blank for  lack of shear test data.
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3. 7 . 5 A v e r a g e  shear  s t r e n g t h  r e q u i r e m e n t s .

3. 7. 5. 1 The average shear s t r eng th  of each set of welds shall be equal to
or g rea t e r  than the min imum average  s t r eng th  shown in . Tables III , IV , or V
(as app licable).

3 . 7 .  6 Shear s tr engt h consis te ncy r e q u ir e m e n t s .

3.7.6.1 Group A material. A variation in shear strength of welds in
Group A materials of ± 12 - 1 / 2  percent  of the average  value will be ne r n -iit t ed
in 90 percent of the specimens specif ied  an Table II , and a var ia t ion  of ~ 25 pe r-
cent in the remaining specimens . The variat ion in shear  s t rength  for  each of
three sample welds shall not exceed 30 perc ent (see 4. 8).

3 .7 . 6. 2 Group B and C materials .  A var ia t ion  in shear  s t rength of welds ,
in nonhardening steels (by the welding process) and other alloys in these alloy
groups , of ±10 percent of the average  value will be perm itted in 86 pe rcen t  of
the specimens specified in Table U, and a variation of 20 percent in the remaan-
ing specimens . The variation in shear strength for each of three sample
welds shall not exceed 30 percent (see 4 8).

3.8 Cert i f icat ion records .

3. 8. 1 Records  p os t i ng .  Records showing the w e l d i ng  machine set t ings for
all variable controls , and minimum and average weld shear strengths for all
alloys and thickness combinations welded on that machine shall be posted on
the machine.

3. 9 Recertification.

3 . 9 .  1 R e q c ar em e nt .  Recer t i f i ca t ion  of a weldin~ s chedu le  may he r e q u i r e d
at anytime , if the authorazed inspector for any reason doubts the abi lity  of a
machine or machines to make satisfactory welds .

3.9 . 2 Scheduie. Wh en the amount  of ma te r i a l  in the  throat  of the macbane ,
the curvature of the part , and other condi t ions in p roduc t ion  welding r e q u ar e
cont ro l  ad jus tments  outside the limits spec i f ied  in Secz :on  4 , speci f tc  weid :~c
schedules  shal l  be es tabl ished for  each joint r e qu i r ing  such adj us tment . Th~s c he d ule  shal l  als o spec af y the tes ts  and examinat ions  w ha c h  will be used to
de te rmine  the conformance of the we lds to the r e q ui re m e n t s specif ied h e r e i n .
The test  welds shall be made so that they  r e p r e se n t  welds if l  the p r o du c z i o o
par t s .
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3. 10 Quality standards.

3. 10. 1 Appearanc e.

3 . 1 0 . 1 . 1  The outer  s u r f a c e  of all tes t  specimen weld s shall be smooth
and f r e e  of cracks , tip pick-up , pits , and other defects which indicate that
the welds were made with dir ty or i m p r o p e rl y p repa red  welding tip s u r f a c e s .
The maximum acceptable number of defects  for product ion  parts shall not be
greater than that shown in Table VI.

3. 10. 2 Externa l defects.

3 . 1 0 . 2 . 1 Test specimen welds shall be f ree  of external  defe cts . For
production parts , except as noted in Section 4 , the following defects are not
acceptable : p its , sur face  flash , tap pick-up , expulsion of metal from bet”-~~ n
the sheets , external cracks , edge-bulge cracks , and blown spots .

3.10.3 Sheet separat ion.

3. 10.3. 1 Sheet separation , measured at a distance from the edge of the
weld equal to approximately one-half the welding ti p indentat ion , is not accept-
able if in excess of 15 percent of the average thickness of the members being
joined or 0. 006 inch , whichever is greater (for all metals).

3. 10.4 Surface indenta t ion .

3. 10 . 4 . 1 W h e r e  u s  ~~a:r~ic cons idera t ions  a re  a requisi te , the we nin a
tap indentat ion sha ll n~ t exceed 0. 004 inch.  In all other cases weidir.g t an :noer~a
tions are not acceptable if the depth exceeds 20 percent  or 0. 005 inc a : .  ‘.v.:acn-
ever is greater , of the thickness  of the sheet  in which the indentation oc c.~r s .

3. 10 .5  Internal  defec t s .

3. 10 . 5. 1 Weld defects  such as p o r o s a ty /v o ids , c racks  or m i c r o s e g r  scat:on
are acceptable if the maximum extent of the defect does not exceed one of the
following limits as indicated by metallogra~ hic exan~ination:

a. Twen ty - f i ve  percent  of the  we ld d iameter .

b. Fift y pe rcen t  of the r e s pec t :v e  shee t  th ickness  extens ion into an
outer sheet.

c. Extension within 15 n~ r c en t  (ot the weld d i ame te r)  of the b o un d a r i e s
of the we ld zone.
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TABLE VI. MAXIMUM ACCEPTABLE NUMBER OF DEFECTS

All Groups

N a t u r e  of Weld Defect  Acceptable Additio nal
Without  Repairable

Repaar ~~o ( l )  % ( 1 )

Cracks open to su r f ace  0 0

Ed ge bul ge cracks 0 0

Sheet separa t ion  exceeding 5 0

~ established limIts

~ ~~ . - Pits less than 1/16 inch diameter 5 5

Metal expuls ion 5 5

Ti p p i ck -up  3 0

Excess ive  indentation 10 0

~~ Cracks 6 10
— I

-I:--

(1) Total of all defe cts sh a l l  n -ut  exceed 15 percent .

( 2 )  li-i excess  of l imi ta t ions  es tab l i shed  in 3 . 1 0 .

N O T E :  Percentage  ~r a c tio n s  sha l l  be i n t e rp re t ed  as the next  hi gh es t
numbe r of welds for  the  pu rpose  of d e t e rm i n an ~ the addi t iona l
r epa i r  p e r m i s s i b le .
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3,10.6 ~~ck of n o n d an g  be tween  sec t ions  (clad a luminum ).

3. 10. 6. 1 The o u t l i n e  of the weld  a r ea  at the i n t e r f a c e  shal l  be gene r a l ly
smooth and r e g u l a r .  T h e r e  snai l  be no uxabor.c ed c~~ ddara g mater:a l  w a t h : n

or adjacent  to the weld zone .

3. 10. 7 Unequa l t h i c k -ness  combina t ions .

3. 10. 7. 1 In a joint between members of unequal  th ickness  or of alloys of
d i f fe ren t  s t r eng th  levels , the minimum shear  s t r eng th  r e q u i r e d  shall be
based  on the t h i c k n e s s  of the th inner  member  or the s t rength  of the lower
s t r e n gth  ma te r i a l .

3. 10. 8 Tack welds.

3. 10. 8.1 Tack welds may be used if specificall y allowed by the eng i ne er : r .~
drawang -

3. 10 . 8. 2 Tack we lOS r equ i r e  rio tes t  sn e c am e n s . However , they  shall  be
of sufficient strength to fulfill the an temporary function and shall not exceed
the defect  levels es tab l i shed  fo r  ~ rodu ct~on tar ts .

3.11 Restrictions and limitations.

3 . 11 .1 Reweld ing  -of faul ty weld s.

3 . 11 . 1. 1 Rewe lding of a faul ty  weld is allowed , provided the requirements
of 3, 10 are not viclateci .

3. 11 . 2 Sin~~ie we lds.

3. 1 1 . 2 .  1 SIng le welds shall  not be used to ho ad p a r ts  t og e t h e r  e x c e n t  when
s~~ec:fical l y allowed by the engineer ing  dr a w a n z .  A m an im am of two welds
should always be ~~ed.

3. 1 ~~ . 3 S . — ’ : e .~ ce of operations.

3. 11 . 3. 1 A l om a n a r r a  assemblies shall be welded rarior to the instailattor . c-i
mechanacally fastened details when the two processes are to be used on the
same part  or a s s e m b l y.
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